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RELATION BETWEEN MOISTURE CONTENT OF SAND AND CRITICAL WEND
VELOCITY AT WHICH SAND GRAINS BEGIN TO MOVE

Masuijili Akiba

I. General Theory

Earlier, the writer prescribed dynamically the relations /157%
existing between the critical wind velocity at which sand
grains begin to move, and the size, weight, and frictional
and adhesive force of grains are known to vary not only
according to the properties and conditions of soils, but also
according to their moisture content. With such soils as clay
which &xhibit © a grouped granular formation in the dry state,
thescattering of grains 1s unlikely to occur unless this
grouped granular conditlon 1s broken down. With sand, however,
the exposure 1n the dry state to suitable wind velocity would
result in immediate scattering since the individual grains are
always able to move independently.

From the standpoint of land improvement Wwith respect to
sandy terrains, sand arrestation and irrigation and drainage
are among the aspects which cannot be ignored under any cirecum-
stance. In view of both of these aspects, it is believed that
it would not be a wasted effort to attempt to clarify the
relation between the sand moisture content and the critical
wind velocity at which the sand grains begin to move. However,
what will be presented in this report is the summary of only
experimental results obtained 1n the labokatory rather than
from outdoor experiments, so that there would be a risk in
applying these finds directly to natural conditions. It is
hoped that these results from the laboratory may provide hints
for the formulation of measures for the improvement of sandy
terrains, and serve as a gulde for the preparation of
practical and concrete plans in the future.

¥
Numbers in the margins indicate pagination in the foreign text.



For this report, the experiment was conducted with the
following obJectilves. |

1. To determine whether or not there exists a definite
correlation between the molsture content of sand and the
critical wind velocity at which the sand grains begin to
move. And to describe this relation in conecrete terms if
such a correlation does exlst.

2. To determine, if objective (1) is proven valid, what
kindsof relations exist between the molsture content at the
critical point of sand movement, and the force of frictional
adhesion and the grains.

3. To explore the time curves up to the occurrence of the
blown sand phenomenon by exposing sand samples of the same

initial molsture content to wind.

4. The determination' of the practical values of the findifgs
with respect to measures for the prevention of blown sand.

II. Experimental values

The sand sample was collected from sand dunes at the village
of lkeshinden in Shizuoka Prefecture. Its specific gravity was
2.7, while the gram sizes ranged from 0.1 tc 0.5 mm. For
sand containers, c¢ircular cylinders 3 cm in diameter were used /;_@
throughout with the following exception. For a preliminary
test in the initial stage of the experiment, the use of
containers was avolded when sand of a given molsture content
was lumped and placed on a glass plate where it was exposed
to the wind. However, a cylinder 3 cm in diameter and 0.5 em
in height was eventually used with this sample. The test in

question was completed by repeating the above procedure twice.
X,

The water was added in the following manner. Equal amounts
of sand were placed in containers of the same shape, and



equal quantities of water were added with a pipette until the
samples were almost saturated, after the sand surfaces had

first been leveled by tapplng the edges of the containers
several times. The sand samples exhibited practically identical
conditions of subsidence and compression after this treatment.

For the amounts of water added, such percentages as 20%,
22%, 24%, 25% and 27.25% by welght were selected, but it was
found to be difficult to obtaln uniform permeation in the case
of smaller amounts of water.

Two methods were used in the arrangement of the containers,
In one method, the containers were bplaced in front of the
blower at the same time and at regular intervals so that the
wind weloeity would vary from position to position. In the
instant that the sand began to fly off, the moisture contents w
were measured and a correlation was sought between the wind
velocities and the moisture contents. In the other method,
the distances and the wind velocity were varied while the
contalners were arranged in fixed positions, and the molsture
contents in the moment the sand was scattered were studied.

In terms of the measuring instruments, a Biram! ifdmanehometer
and a tachometer were used for the wind veloecity, while a
chemical balance, an electric fixed-temperature drier and s
cooling drier were used for the moisture content.

The following procedure was adopted for the measurement
of the moisture content. As mentioned above, identical quan-
tities of water are added to the sand in the containers which
are then arranged in place and surveyed continuocusly as
specified wind velocity is applied. The normal scattering
pattern of sand 1s that after the first grain flies off, the
stage of vigorous scattering is reached in the short duration
of 2-3 minutes. For this reason, if the proper timing is lost,



the experiment may be invalidated. Conseguehnhtly, the sand:

1s removed from the containers after a standard interval of
about 1.5 minutes from the initial scattering. The sand is
transferred to separately-provided small bottles which are

then capped and weighed on the balance. Next, the bottles

are placed Inside the electric fixed-temperature drier where
they are heated at 100°C-110°C for 8-12 heouns. The bottles

are taken out and placed in the cocling drier for several hours
after which they are reweighed. The weight difference before
and dfter drying was adopted as the moisture content at the time
of scattering, and it was decided to express the moisture

contents in terms of the weight percentage of the dry sand.

The intervals from the initial application of wind to the
scattering of the sand were timed with a stop watch, while the
wind velocities were determined by means of the Biram [?]

anemometer and the tachometer.

In addition, the temperature, the humidity and the weather

condition were also surveyed and recorded.

I1TI. Observation

(Procedure) The measurements were conducted during
appropriate moments in the daytime in the period from mid-July,
1931 to the end of January, 1932.

The reasons., the observation period was scheduled to more ov
less span the two seasons of summer and winter was that it was
assumed that 1if meteorological conditions could make z
significant difference in the relation between the sand moisture
content and the critical wind velocity at which sand grains
begin to move, the effect on this relation would be more
pronounced with respect to meteorcloglcal differences between
summer and winter.



When sand in the containers are first giwven identlcal
moisture contents and then exposed to different wind veloecities,
1t 1Is to be expected that a variance would occur in the time
durations up to the occurrence of the scattering of the sand.
Thus, when the starting point 1s #nified for all the containers,
the time durations up to the occurrence of the blown sand
phenomenon would vary between the containers. It is thus //;gg
difficult to keep the meteoroclogical conditions absolutely
identical for all the containers during the observation period.
The moisture content of the sand in the instant of scattering
tends to be low in the part close to the surface of the sand
and become higher with increasing depth. A few examples taken
from the author's experimental findiéngscare given in the table

below.
Date: 1/16/1G32
Wind velocity(mé?ec) 130 99 80 565
Top 2105 1.935 1224 09070
Moisture T T e
céitgnt Bottom% 2557 2404 1993 L5600

Average % 2459 2337 1666 13130

Date: 1/18/1932

Wind velocity (m/sec) 139 103  7g5 s iss
. Top % . 2854 2508 pops “
Moisture ” ‘ ' i 06607 00549
Bottom#%% 3107 2869 -n-
content = LI57 12150  og18
Average % 2985 o243 154 '
- 1346 1.0350 05104

The above tableg signify that the evaporation effect due
fo the wind velocity is always major near the surface and
diminishes as the depth increases. The author would like to
digeuss thils aspect 1n detail on another occasion.

In view of the above phenomenon, effort was made in this
experiment to establish the average moisture level, but due to
time requirements, the collection of the sandy soil deposited



on the bottom and the side of the containers was limited to that
which could be collected easily with a spoon.

As far as the determination of the critical sand scattering
point is concerned, accurate experimental results are difficult
£o obtain as it is easlly influenced by subJective factors. The
decision over whether to consider the take-off of the first
grain as the point of criticality, or to define the latter as
the moment at which the sand grains over the entire surface
are scattered proved troublesome, but it was decided that the
point would be defined on an empirical basis in this experiment
in the following manner. Theepoint of criticality was defined
as the instance in which the scattering phenomenon occurred
more or less over the total surface and continuously after the
take-off of the first grain. This l1imit occurs within 1.5
minutes of the take-off of the first grain.

As indicated by the above, the technique of the experimental
procedure has a major bearing on the results én the case of this
experiment. Thus, apparent errors contained in the experimental
results given below may be due toodefects in the procedure.

(Results) The recorded results were of numerical wvalues
shown in separate tables (see Appended Tables A, B, and C¥.
In other words, the critical wind velocities applied ranged
between 16.5 and 4.5 m/sec, and the moisture contents
for this range were less than 3.5%. There 1is 2 relatively
conslstent relation between this eritical wind veloeify at
which the sand is scattered and the moisture content. It is
observed at once that the relationship is linear, which is to
say the critlcal wind velocity is directly proportional to the
moisture content.

The next question is how much time is required for the
blown sand phenomencn to occur when sand of a fixed moisture



content is exposed te a fixed wing velocity. ¥rom the
tables, it may be assumed that there is a falrly consistent
relation. The fact that as the wing velocity used becomes
greater, the advent of the blown sand phenomenon becones
Sooner obviously agrees with the general supposition. As
evident in the appended flgures, the relational lines of
velocity vs. time form consistenti curves,

IV. Discussion

(1.) From the author's experimental results, it was possible
to determine that there is a clear correlation between the
sand moisture content and the critical wind velocity at which
sand grains begin to move. Discussions on this subject are
gquite rare, however. In Japan, there was once a research report
from Professor Hara“[lj-df,the-Tétﬁoxi Agricultural School /160
[Tottori Kond], but it ddd not go as far as the clear indication
of a correlation. The author piotted his experimental results
on graphs, and because they were approximately linear, he was
able to obtain many linear equations by the method of least
squares asushown in the appended tables. The comparison between
the measured results from each of the trials and the /161
calculated results from the linear equations does not show any
major differences. But since there would be differences with
respect to not énly meteorological conditions such as temperature
but also procedural factors between different days, it would
not be reasonable to summarize these results into a single
forqg%a, at least not until their functional relations are
cla iied. But 1t can be readily acknowledged that when all
of the experimental results are plotted together for the purposes
of determining the general outline, an approximately linear
relkationship is obtained. Tt is subsequently noted that there
are two systems, namely a straight line withiavvery stéeep slope



and another with a slope a little
milder as shown In Fig. 1 and Fig. 2.

To put it simply, they are all
in the interval of aa = 5 ~ 10 with
the exception of a few cases represented

by the following linear equation.

Faars) (1)
where W = critical wind veloe¢ity (m/sec)
o = moisture content % at
eritical sand scattering
point
a,b = coefficients variable accor-

ding to climate and

procedure

It may seem valid to consider the
critical sand scattering wind

velocity as W = b when a = ( in

Eq. (1} which is to say the state of

absolute dryness. But this is in

fact untrue as the moisture content

(a) represents the average moisture

content from the sand surface to a certiin
depth so that b cannot hepresent

the eritical sand scattering wind

velocity for the absolutely for the
absolutely dny state. Tt is noted that
the moisture content varies between

the surface layer and the bottom layer,
as mentioned earlier, when evaporation
occurs on the sand surface.due %o wind exposure, with the
content increasing with depth. Thus what is'termed'fﬁé @oisture
content at the critical sand scattering p@int in this



experiment is in the end only the
average content (in most cases the
content at the depth of 3 mm from
‘the surface). In order to

determine the moisture condition «

at the surface,the following method

may be used for an approximate

answer.,

A separate sample of absolutely

dry sand is exposed to the blower,

and the critical wind velcelty in

this case is assumed to be (bl).

By extending (bl) along the W axis

as far as ¥4 and by drawlng straight
line N from this point parallel to
straight line M which is W

W= ao + b, N becomes the approxi-
mate eguation expressing roughly &

the relation between the mecisture

content of the surface layer and
the critical wind wveloecity at

which the sand grains begin to

move (see Fig. 3.)

W**‘*’*\ | (2)
While the values of (a) in Eg. 1
mostly range from 3.5 to 9, so
that the median figure would be

around 6 or 5 and fairly constant,
the variation of the walues of

(b) is relatively wide. This
result must be partly due to the.method used for collecting the
sand samples from the containers, but it is also conceivable
that due to the nonuniformity of the meteorological and the



s0il conditions, the circumstances
o ‘ of evaporation varied according to

B ) the'depfh causing an uneven
- Jf i distribution of moisture in the
AL f/. sand.
/V
VY Vi
//. At any rate, an accurate ex-
L : ploration of Eg. (1) would provide
useful material for estimating the

relaticn between moisture at the

gand surface and the critical wind
vedkbcity at which the sand grains
begin to move. It would probably
Fig. 3. provide practical hints for the
purpose of blown sand carrestation.

42.9nletuus now examine the
force of frictional adhesion for sand of fixed grain size and /162

fixed specific gravity as mentioned above, and then briefly
consider the cases of varying grain sizes and specific gravities.

It is generally recognized that within a certain limit an
increase in the moisture content is accompanied by an increase
in the force of frictional adhesion. However,the latter decreases
in contrast beyond a certain limit [2].

At this poéint, a deliberation will be attempted concerning
the process of the varilation of frictional adhesion which
accompanies changes infithe moisture content on the basils of
the author's experimental findings. When the molsture content
is low, a sttuation can be imaglned in which water adheres
in an annular manner so%ély around the point of contact of
the grains. In such a casey the grains are attracted teward
each other by the surface tension of this film of waterp. This
This force of attraction (P) can be obtained by the following

10 .



equation.

Peal €:~-~,{—)+e=a_'\ (3)
where rl and r, are the radii of curvature in the directions of
the two principal axesoon the surface of the water adhering to t
the sand grains. T is the surface tension of the water, while
P1 is the force acting between the water, and air and the

sand grains.

In the condition ialustrated
by Fig. 4,

" ri=rlseco—1); ro=r{l+tand—secsd); D=
( Jsech-tans-2)

_ T
"?_mf (L tanf-secdyCaceg-1y FaPCE -
7 (4)

ez Letting (n) be the number of

points at which a single grain
is in contact with other grains, the

force with which this grain is att
attracted, which is to say the adhes

Fig. 4.

adhesive force (PC) due to the
presence of moisture can be
calculated approximately by ealewla

(5)

! '\
s Pe=ne,B

A

In other words, the above relation is clarified automatically
once the functional relation between (8) and the molsture
content 1s explained. Mr. W. B. Haines [3] attempted such

a procedure (although with an equation slightly different
from the equation above) and tried, at the same time, to
support 1t experimentally. He obtained a type of a parabolic
curve, but this was still insufficient.

11



Mr. Fischer improved on Mr. Haines' equation and published
an equation similar td.Eq. (), as well as a relational
equation for 6 and moisture content {(a). When this author
used this equation for calculation from data regarding oil
rupture [4], an approximate result of PC =_010-5 was obtained.
Although this is a parabolic relation as in the case of ealculation
from the wind velocity to be mentioned later, the index shows
a wlde deviation. This is probably the resuit of differences
in terms of wind velocity drag, as well as pressure, temperature
and pther aspects of the film of water.

As far as the author's experimental findings are concerned,
it 1s also possible to consider the fricticnal drag with respect
to the wind, apart from the adhesive force. Letting (Pw) be
the total drag with respect to the wind and (f)} be the frietiohal
and adhesive force, we get

Pﬂ":K’f\; L W'I=K”.Pu'=! . i ( 6 )
but since /16
ISV R
}L \P ’ _gapr{ L W=EK" P% (6ii
- f'“.-vi o : - :
w=xrt | ' (623
where W is the wind velocity in m/sec.
From Egs. (1) and (6)2, we get
Ot=k1+k2fz_L0r fl:A-f-Ba‘.;.cwq (7)

In other words, the relation indicates a type of parabolic
curve. Thils should lead to the discussion of the relationship b
between Eq. (4) and Eq. (70, but this will be left for another
oceasion., For the time being, it suffices to described the
cerfaln amount of increase in the sum of the friction and the

12



adhesive power accompanying an increase in the sand moisture
content by means of the above equation.  Thus, o = 0 would
indicate the case of dry sand and A would represent solely
the frkétional force. Also, although the relation between

the grain size and the wind velocity, W = cr0.5, was published
on a theoretical basis without experimental evidence, recent
experimental results obtalned by the author indicate that it is
more or less correct. The writer intends to publish these
results eventually, but at any rate, since the power exponent
of 1/2 1s an approximate value which was caleculated for an
ideal grain, 1t had to be confirmed through experimentation
that values in the vieilnity of 1/2 could be adopted.

When both the grain size and the spec#fic gravify vary,
it is hardly possible to reach immediate conclusions through
Egs. (1) and ¢2). But in general terms, it is possible to
infer that within a certain limit an increase in the moisture
content would make the critical sand scattering wind veloecity
greater regardless of the grain size. But this musf be subjected
to some adjustments on the basis of the experimental study of
Ege @20

(3.) The time durations required for sand samples &f
ldentical initial moisture contents to be scattered would vary
according to the magnitude of the wind velocity. The time curve
with the wind velocity as the vertical axis and time as the
heorizontal axis assumed the followlng fixed formula. It is

&
7 “‘W | (8)

where W = wind velocity in m/sec, T = time (minutes), and m,
Kl and K2 the various coefficients. While m and Kl are
dependent on the climate to assume high values when low
humidity and high temperature occur concurrently, K2 is a

coefficient which is affected by the grain slze and specific
gravity of the sand.

13



In Eq. (4, when T = Q,
W = ». This signifies that the
critical wind velocity for which the

time duration becomes 0 must be infl
infinitely large. H&lso, when

T = e, W=K,. When sand is /164
exposed to wind over an extremely

] long period of time, the moisture
would be completely evaporated

~— so that the moisture content should

| become 0, but because of atmospheric
humidity and adsorbed moisture,

a certain amount of moisture is
inevitable. Therefore, K2 represents
the sand scattering wind velocity in

cases where the sand moisture content

LITTT] .
L

=

I 17

ff_,
T
T

Fig. 5.

is close to zero. 1In practice, the above fact does not seem .-
irrational. K2 should thus take a value which is approximately
that of bl in Eq. (2). It should be noted that in the case of
natural sand, the process of the compensation of moistiure loss
due to evaporation through the caplllary phenomenon is at
variance with the procedure of thils experiment. Thus the time

curve wolild also require due considerations.

The experimental results of Appended Tables [CJ only
serve to corroborate the general validity of Eq. (4). K2
would thus be no longer equal to bl’ but only a numerical value
which is close to bl' Examining the coefficients of Equu(4)
in the [C] Tables, it is seen that m = 0.72-1.032, Kl = 200-1200,
and K2 = 1-2.5. When the dogarithm of the experimental
results is plotted, the curve does not form a strict straight
line but the mamngin of error is relatively small, so that
Eq. (4) is sufficient for determining the approximate relationship.
Climatlc conditions also influence the time curve of the blown
Bl

14



sand. For example, a low temperature with a high humidity causes
a prolongation of the time duratilion required &énrthe sand to
scatter, while a high temperature with a low humidity causes

the reduction of this duration. This is determined by comparing
the Appended Tables [A](i% and [A](%i
in temperature but widely divergent in humidity, as well as
comparing the Tables [A}12 and [B]l which are about &he same
in humidity but widely divergent in temperature. In addition,

the effects of humidity and temperature on the time curve are very

which are about the same

great when the wind velocity is low, and show a tendency to
diminish as the wind vedociity becomes higher. In other words, at
high wind velocities only the wind velocity has a major effect
with the other factors having no marked effects (see Appended
Filgures and Appended Tables [C]2, [C]H, gg%% and [C]lo),

[Translator's note: It is strongly suspected that all
references }o Eq. (4) in Section 3 shoudid, in fact, be references
to Eq. (8).]

4. The practical values of the findings discussed so far
are considered at this point with respect $o preventive measures
against blown sand. From the author's experiment, it was learned
that the blow sand phenomenon does not oceur in the case of sand
containing slight amounts of moisture. Furthermore, it was
observed that a more or less constant linear relation with a
steep slope exlsted between the mosture content and the eritical
wind velocity at which sand grains begin to mowe.

The above relationshlp becomes more applicable as the sand
grain form approaches the spherical shape. Therefore, sand from
coastal sand terrains would meet this condition since corners of
such sand grains are eroded and irounded through the drift sand
and quicksand phenomena. According to the author's experiments,
clay solls are not suitable for the application of Eq. (1%
because even when moisture is removed through evaporation the

15



the grains would combine ta Fform a grouped granular body.

Also, with such substances as powdered glass in which the corners
of the gralns are sharp rather ﬁhan rounded, the grains cohere
with each other to exhibit a condition resembling that of a
_grouped granular body.so that again, the relation of Eq. (1)

is unlikely to occur. However, even with substances like

clay soil and powdered glass, if a force strong enough to break
down the grain grouping is exerted the grains would scatter
immediately. In the case of the sandy dust railsed by gusts

of wind in the Kanto Blain in early spring, therefore, frost
columns which break down soil cohesion must be 1isted among the
principal causes along with the moisture factors. Although frost
columns naturally do not occur in the sandy scil of sand dunes,
the scattering of sand does occur easily as the single grains

can move independently. Nevertheless, the gscattering of sand ..a
can be prevented by adding appropriate quantities of water
because of the moisture content relations discussed earlier.

Sand arrestation can be divided according to the causal factors
into the following two aspects. In one method, the scattering
of sand 1s left untreated while the directional magnitude of

wind 1s altered artific#ally to prevent the invasion of a glven
area by blown sand. In the other method, active measures agre i
taken with the frictional and cohesive forces of the sand, whereby
the scattering is prevented by augmenting these forces.

Sand arrestation in the past has mostly involved the former /16
method except in the case of roads and streets, but the
author would strongly assert that the latter method should not

be regarded too lightly depending on the locale.

Cne must of course avoid the mistake of plunging blindly into
applications to natural terrains on the basis of a mere small-
scale experiment, but one must also be careful of the ignorance
of denying the importance of studying the feasibility of such



applications. The question hinges on whether or not the

investigation is being advanced ratlonally

Apart from the abundance or lack of waterp supply and the
temperature range, the following poilnts of difference must
necessarily be taken into consideration when comparing the
experimental situation to natural terrains.

1) size of surface area
2) geondlstency or lack of consistency in terms of wind
wind veloecity and wind direction

3} variation in terrain

The size of the surface area is related to the evaporation
rate. This would mean that when the area is large,the evaporation
rate per unit area becomes low so that a prolongation of the
duration up to the critical sand scattering point would occur.

As long as there is no change in the wind direction and veloecity,
such a cause not only would not present any causé& for invalidating
Eq. (2§, it would also have to be considered as quite

promising.

However, since the wind veloeity and wind direction are
not always econstant in nature, the conditions would be rather
different from the inside of the laboratory. It i1s therefore
necessary to conduct preliminary studies on the local basis
regarding such factors as the impact force of gust or the
velocity of wind in the state of eonflux in narrow terrains. The
equivalent wind velocity corresponding to this force may be
assumed to be 2-3 times the normal wind velocity, while the
critical moisture content necessary for preventing the scattering
of sand exposed to such a velocity can be relatively small,
Judging from the experimental results. This is because the slope
of the straight line representing the relation between the
critical wind veloeclty and the moisture content of sand is

17



quite steep. Consequently, it can he anticipated that the uncer-
tainty over the inconsistency of the wind velocity and the wind
direction may be resolved by.iﬁcreasing the critical moisture
tontent by a slight quantity.

The variation in the terrain is also an important element,
~but with sandy terrains there is practically no need to
-consider bluffs or cliffs. Ittis however necessary to conduct
adequate preliminary surveys regarding uhdulations of the
terrain and, as mentioned already, the changes in wind force
in narrow wind passages.

In fact, it is reported that water sprinkling based on such
an approach was adopted on a small scale by farming households in
the Hamamura Hot Springs area in Tottori Prefectureafor thelr
farmland with a considerable amount of success. Since it would
suffice in such cases to maintain the required moisture content
down to a shalloew depth below the ground surface, it would be
possible to put this method into practice with a cestain degree
of rationality if the durations of interruption are also adopted
on the basis of composite time curves obtained from experiments
using various wind velocities.

For the water supply, fresh water is better than sea water.
This is because fresh water is superior to sea water from the
combined standpoint of the prevention of blown sand and the
stimulation of the sprouting and growth of vegetation. The
undergrouhd piping system or the Spray system would be suitable
for the intermittent sprinkling method, but the problem ultimately
is 1in what manner water can be obtained economically.

To sum up, it is possible to prevent blown sand completely
by supplying water, but there is a need to cbnduct & considerable
number of outdoor experiments and to consider local economic
situations so the range of feasibility can be determined on a
practical level.
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V.%. Conelusions

the The following conclusions canbe drawn from the results
of experiments in the laboratory discussed so far.

1. There is a linear relation between the sand moisture
content and the critical wind velocity at whichssand grains
begin to move.

2. There is a parabolic functional rélation between the /166
critical force of frictional adhesion and the sand moisture
content.

3. There is a type of hyperbolic relation between the tdme
duration required for the blown sand phenomenon to occur starting
from a fixed moisture content and the critical wind velocity.
With wind velocities of 7210 m/sec as the boundary, the time
curve slcpe becomes very mild below that level.

4. Conclusions 1},)2.,,and 3. are applicable to grains with
eroded corners such as beach sand, but cannot be applied
directly to noneroded grains such as clay.

5. Temperature and humidity affect the time curve mentioned
in conclusion 3., but the degree of influehce is more prominent
for a low wind velocity than for a high velocity.

6. The sand arrestation method using a water supply seems
to be technically guite feasible, but its practical value must
be determined through experiments which also take into considera-

tion the economle situations regarding natural terrains.

VI. Appended Tables [A], [B], and [C], and Appended Figures

[Notes] 1. [A]l, [A]Z,... etc are experiment identification
numbers,
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2..

Such. entriles as 6-7-20 and 6-7-21 next to the experiment

s

ldentifications numbers indicate the date of each experiment.

For example, the two entries above respectively represent
July 20, Showa 6 [193%] and July 21, Showa 6.

3.

Notations in the tables
{(a) = weather (b) = temperature (c) = humidity
(d) = initial moisture content (e) = height of container

measured moisture content in % (with respect to

the dry sand) in the moment sand is scattered.

wl: measured eritical wind velocity m/sec

dW: critical wind velocity calculated from experimental

equation m/sec
T: time duration from start of experiment to occurnence
of blown sand phenomenon (minutes)
Tables of Molsture Content Curves [A],[B]
[al, July 20, 1931 [A], July 21, 1931
(a) = rain (b) = 22.5°C (c¢) = 92% (a) = cloudy (b) = 22.2°C

(d)

1l

Without the use of a container, (¢)

plate to the height of 1.5 cm.

*90% {(d) = 5 mm
the sand was piled on a glass

Sand from the surface to the s ' Wre52204088

depth of 2.5 mm was sampled o w & '

and welghed. P W=
2770 1540 154319 — 00519

o
[-]
[r)
&

13.30 132635  + 00055
¢ 1860 "10.80 106835+ '0.1165

Wo530e—-2000 T

¥ i i - - 1560 .03 01181 - 0.0851
3.200 14.60 150612 — 04642 - :
2710 220 124373  — 02378
2370 10.50 106147 + 01875
2000 866 BEOIT 4 0.0280
6.17 56837+ 04873

1450
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LAT; July 22, 1931 [AJ),  July 23, 1931
(a) = rain (b) = 19.8°C (a) = cloudy (b) = 21.0°C
(e) =4%90% (4a) [blank] (e) = 83.5% (d) [blank] (e) = 5 mm
(e) = 5 mm
- WadZduti c86 ]
W=5732+0%5 ' w wy W R
W w W~ 2440 1150 113688+ 0.1315
1381 13T 4 00613 s o7as TS — 0385
873 81001  + 06200 ©-0.890 500 18366  + G-I&rf 7
| 6.40 T4E -~ 0.9644 T T - - -
‘\0.630 454 45577+ 09823
[A]5 July 26, 1931 [A:I6 July 27, 1931

(a) = cloudy (b) = 26.0°C (a) = cloudy (b) = 26.p°C
(c) = 88% (d) [blank] (c) = 84.5% (d) [plank]
(e) = 5 mm (e) = 5 mm

T W=4.0Tx+3936 T W =1661Tx~1500 ,

o "y w W= S W 14 W,-W
2628 1548 158590 - 0.579) L 1805 15.60 155260 + 0.0731
2954 1410 B2 + 08848 ' 1618 1220 23637 — 0.1637
1.836 1030, 114129  —.0112 h 1.467 950 0504 + 0.0006
1077 803 83230 - 02920 T IR e -
21§t swy 29, 193 (1)

=-8 ’ [Ajg July 31, 1931
(a) = cloudy, clear (b) = 25.8°C (a)’= clear, cloudy (b) = 27.2°¢
{e) = 76% (d) {blank] (¢) = 81% (d) [blank]
(e) = 5 mm (e) = 3 mm

BT e a— T

! m W W~ s ", W W,— W
3370 10.30 102738 + 0.0202 \ 198 14.30 139141 + 0.3850
2,160 7.70 77851 — 0.0351 } 140 49.50 105265  — 05363
0.385 103 40111 + D.OI8D 1056 6.48 AE0L 4+ 0850

‘ {044 440 19192 — 05102
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1L
(21{) sty 29, 1931 (g™ Juiy 31, 1931
o , . a) = clear] cloudy (b) = 27.2°C
(ad = clear, cloudy (b) = 25.8°C (a) .8 ? v ; )
: , . c) = 81 d blank
(¢) = 76% (a) [blank] (c) = 81F () L
e) = mm
(e) = 5 mm (e) 3 ™
o =6.233x +1.860
W=1808x+3735 o W, W Wy=1r
e ", W W= 2120 16.30 150822 + 12178
3370 1030 98117  + 04883 | 1980 1420 142005 + 0.0005
) 2.160 770 76209 + 00701 1.380 12,15 104996  + 16804
| 2340 720 79544  ~ 07544 1.400 9.80 105042  — 07942
{ 0203 470 41047 + 05053 | | 1450 750 109052  ~ 3.1050
40385 4.03 44293~ 03993 - { 0560 6.48 53583  + 11207
Cee L e | 040 410 46103~ 02103
[A]lD August 1, 1931 [ 11 August 3, 193
- — [>]
(a) = clear (b) = 26.5°C (2) clear (b) 27>C
&) = 70.6 d) = 25% (e) = 8 mm
(¢) = 90.5% (d) = 25% (6) = 70.64 (a) = 25% (e) = 3
(e) = 3 mm o ‘
o T7=95030— 1.267
W=11.18x~3842 ~ « W W W=
o« v, 4 Wo—W 1.540 15.30 133758 + 19242
{1680 15.30 149550  — 03441 1.590 13.30 138513  — 0.3513
| 1340 14.50 ILIS16  — 3.5484 1.270 11.00 168086  + 01914
| 1230 1210 09208 — 21792 | 1370 910 117554  — 26504
1450 8.40 123824 + 29824 | -0960 735 . 78610 — 05110
| -0.99%0 810 72354  — 08616 | -0.600 570 52038  + 0.4062
| 1180 6.0 9.3613 -+ 3.2613 T
| -0870 540 580%7  + 0.49°7
II - )
[A]léII) August 1, 1931 [A}li ) ENoudate given]
= = o
(a) = clear (b) = 26.5°C (2) clear (b) 27°¢
c) = 70.6 d) = 2
(¢) = 90.5% (d) = 25% (c) = 70.6% (d) = 25%
(e) = 3 mm (e.)‘.___j__m.m_____._ N
e [ I =91800—0713
WF=11767c —3?42 " ) i e T, 1w W=
-4 T, W Wi-W 13.3-0" 13.35%4 S 5854
‘168 153 159758  — 06758 1100 Toocs o
| 123 121 206674 + 14326 Tas &:7 + 0.0543-
| 099 81 7862 + 02638 = S0ns - 0748
570 56311 + 0.0789

L -0.87 54 64206  ~ 1.0%06
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[AJIE Augustty7, 1931 [A]l3 August 2, 1931

(a) = cloudy, then clear (a) = clear (b) = 28°C
(b) = 30°C (c) = 59.8% (€) = 76% (d) = 25% (e) = 3 mm
(A) = 25% (e) = 3 mm
| - 17 =8790x 0687
! W=5646%+25]2 . & W, W i
! o W W =iy 1.780 14.60 14.9585 « - 0.3585
1510 16,50 110383 + 54617 1.050 10.50 85420+ 1.9580
| 1500 1300 109818  + 20182 0.990 8.20 20146+ 02854
| L1460 11.00 107560 + 0.2440 0510 .90 T4 — 0414
1610 930 116020 — 24029 | 0.900 575 72235  — L4735
! 1170 7.20 . 91185  — 1.9185 ' s T
| 1350 5.90 101349~ 42349
1 0.240 470 38675  + 0.83%5
[A]lli August 11, 1931 [A]l5 August 17, 1931
(a) = cloudy (b) 27°C {(a) = clear (b) 28°C (c) = 75%
(¢) = 81% (d) 25% (e) = 3 mm (d) = 25% (e) = 3 mm
: 77 =3.0%4c:+3.568
 W=66Mx+0008 T e LA W “'1““_
« 11 W =T | 3270 14.70 136863  + 10137
| 1970 1400 129658  + 00342 { 2630 11.50 117060  — 0.2060
| 1640 1170 117785 ~ 00785 i 2210 9.00 104065  — 14085
| 1120 9.00 83318 + 06682 : J 0.560 5.90 53012 + 0.5988
1 0.980 6.60 74039 — 05039 : o
| 0560 180 46200+ 01500
[A]16 August 18, 1931 [A]l7 August 20, 1931
(a) = clear (b) = 28°C (a) = clhobdy (b) 27°C (e¢) = 73%
(¢) = 65% (d) 27.25% (&) = 3 mm (d) = 20% (e) = 3 mm
| W=6653—6433 L WS BT
o e W W—n o W w W~
3165 1420 146267 — Osu67 | 2220 1530 151117 + 0.1883
| 2884 1180 07598+ 1oy | 180 1210 122634~ 01634
| 20157 750 6.9552 + 03448 | 1540 800 .« 81944 - 01944
| 19980 6.00 63582 - pgss3 | 1.170 - 460 44305  + 0.1605
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[A]la fugust 26, 1931 [B]l Januvary 8, 1932

(a) = cloudy (b) 26.5°C (a) = cloudy (b) = 17°C (¢) =
(c) = 822 (d) 25% 63-66% (d) 25% (e) = 3 mm
(e) = 3 mm
o Weg4te-003 [ w-es0e-038
@ W, w (10 | o T, w W=
1 1550 1370 131016 . "+ 0.5984 1[2.353 145 150562 — A.5562
L1;450- 11.70 122362 — 0.5562 1707 17 108119  + 08831
L = . ] L ™7 + 04973
i 1110 510 93816  — 02816 flﬂﬂj Sf Si‘q ngfg
loso 700 67607 -+ 02393 (Lo95 63 60— oo
oo lq_sgs 48 50551 — 02551
[B]2 January 16, 1932 [B]3 January 18, 1932
(a) = cloudy (b) = 4-8°¢C (a) = cloudy (b) = 6.5-13°C
(chra= 50-63% (Q) = 22% (¢) = 55.5-56.3% (d) = 22%
R 1
(e) = 3 mm (e) = 3 mm
R =3 247+ 2307
W, W W &. i " M-
| V=T 2985 129 12627 + 02730
12.495 130 1190+ 10062
o 2.448 10.25 107865  — 0.5665
2357 8.9 1124 — 1348% " 76953
1666 - | 1546 7.85 746952 + 0.1548
¥ 3.0 75+ 0.3537 - 5.88 59450
|1313 565 575 - 1011 - : e

¢ 0.5196 435 41775 + 01725

N e
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Time Curve Tables [C] /373

[C1] July 31, 1931 [C]2_August 1, 1931
Bad — .
] : W= ————ﬂfff;._. +20 S . W=73fﬁ‘ +23
W T w W~ — T W W1,
1 163 420 182 -19 | 153 595 172 - 19
l 143 560 14.0 + 03 145 73.0. 144 .+ 01
% 1215 780 10.5 + 165 121 98.0 13 +08
85 1030 84+ 14 , 94 1240 9.4 0
7.8 122, 74 + 04 81 - 1560 7.9 + 02
l 648 150 - 65 - 002 61 1860 - 68  — 07
| 44 1950 5.3 + 09 _ 54 2420 59 - 05
[033 August 2, 1931 [Cly August 3, 1931
C T w=-HB .
w=—125_ .05 T\ | T
l ) ", ¥ W W
! 1 o W - ' 15.2 47 155 — 02
. s - ! ]
| 14'2 545 li':“ N ;'18 (183 51 1z . -~ a9
\ 10‘3 3;3 18'1; ‘o [11.0 7 162 + 08
I8 122. o 0‘1; 101 81 80 g2
] ~ —_— 1 ]
\ 83 I:i'g ‘5'67 + o 78 100 4 - 00
| 575 18k ’ ' Y 129 59 ~ o2
[C]s August 7, 1931 [C]6 August 11, 1931
w212 A a3
| ) . W=-—""—1pn
k . . . . T’\I'Bli
Lo T m 11 "\ R
1165 380 1750 — 100 LE T W -
3 130 485 137 - oi= 140 4 Bl —~110
1110 615 1097 + 0.03 1T 56 e -~ boe
i 02 830 sS4+ 075 | 00 8 830 + 070
72 1030 712 4 008 66 1 648 +on
so 1320 595 — oo | 48 172 47 + o010 |

+ 47 2270 440 + 030

28



August 17, 1931

217

W=t +6
w V=1
144 + 03
11.4 + 01
90 0

.3 - 04

August 26, 1931

W=

14.03
11.30
873
10

250

Wi~

v
2.9
0.2
7.7
6.0

fcl.
7
jrn T
| 147 53
| 115 76
9.0 1§ H]
5.9 207
fc
]9
| o
| 18.7 vt
1117 104
] 81 149
! 70 200
C
[ ]ll
w7
129 62
103 89
37.85 139
| 5.88 211
i 4,35 252

5.0

+iT

w—-w
- 033
+ 0.40
+ 037
- 010

January 18, 1932

+1.2
W,—W
0
+ 010
+ 015
- 012
- 065

[Clg

W
15.3

121

8.0

August 20, 1931 /174

41
LiTs
106
134

W=—ma 115

e

5.1 .
10.5

7.2

6.0

Wl._n"
- 08
+ 16
+ 08
- 14

{C]lo January 8, 1932

o,
= =
[T

e
=i
[

fs.s

8.5 -

] 4._8 )

c oAy &

425

625

103.0
156.0
199.0

_ M0
W=—r

¥
- 153
11.7

82

6.2

52

405

W=
08 |
a

+ 04

+ 01

— 04

|:C:|J.2 January 16, 1932

.

QKBB
i99
‘80
1565

(Manuscript received on May 10, 12339

62

137
220

w228
W= e +13

w

12.9
9.9
7.8
5.0

+ 0.20

—_

Wo-T
+ 019
0

+ 0.35

29



30

REFERENCES

Hara, A study concerning blown sand, Ringakukai zasshi 9/5,
(1927)}.

Terzaghi, K., Erdbaumechanik auf bodenphysikalischer
grundlage [Mechanilcs of garthwork engineering based
on principles of soil physies], p. 56.

Haines, W. B., Studies in the physical properties of
soils, The Journal of Agricultural Science 15 Part L.

Fischer, R. A., On the capillary in an ideal soil, The
Journal of Agricultural Science 16, 9.492 (1926).




